Today, there is neither an effective nor an active treatment for food allergy. Allergy immunotherapy has been proposed as an attractive strategy to actively treat food allergy. Oral immunotherapy (OIT), also known as oral desensitization, is a method of inducing the body's immune system to tolerate a food that causes an allergic overreaction. It has been studied for the use in treatment of immunoglobulin E-mediated food allergy to the most common foods, including milk, egg, and peanut. OIT has been able to desensitize subjects to varying degrees. However, many questions remain unanswered, including efficient formulation, optimal dosing, and induction protocol to achieve full tolerance, transition of OIT to clinical practice, and maximal safety profile. This review focuses on the use of OIT as a new and active treatment for food allergy. The possibility of transition of OIT to clinical practice represents, in this field, the next pivotal step with the goal of improving the quality of life of patients with food allergy and their families. O ver the past few decades, the prevalence of allergic diseases has increased, especially in developed countries. While the prevalence of asthma has stabilized and the prevalence of eczema appears to be slowly decreasing, the prevalence of food allergy and anaphylaxis continues to rise.
O
ver the past few decades, the prevalence of allergic diseases has increased, especially in developed countries. While the prevalence of asthma has stabilized and the prevalence of eczema appears to be slowly decreasing, the prevalence of food allergy and anaphylaxis continues to rise. 1 At present, there is no effective long-term treatment for food allergy. Supportive management of food allergy, consisting of avoidance of offending foods, early recognition, and treatment of anaphylaxis, is currently the standard of care for affected individuals.
Avoidance of food allergens is, to some extent, difficult to achieve, particularly with commercially prepared foods. Furthermore, 40%-100% of deaths from food anaphylaxis involved ingestion of foods catered or prepared away from home. [2] [3] [4] Therefore, a safe and affordable therapeutic approach is needed, for at least patients who are at risk for anaphylaxis. Allergen-specific immunotherapy is capable of modifying the immunoglobulin E (IgE)-mediated immune response and of achieving a long-term protection against allergy. It has been demonstrated to be an effective treatment for both respiratory and hymenoptera venom allergies. 5 For this reason, allergy immunotherapy was proposed as an attractive strategy to treat food allergy. The first attempt with food immunotherapy was made in the 1980s with peanut extracts administered subcutaneously. An unacceptable rate of severe adverse events prompted the abandonment of further development of this route of administration for the active treatment of food allergy. 6, 7 Thus, the oral administration of foods to achieve a tolerance or desensitization was proposed. This appears particularly suitable for cow's milk (CM), hen's egg (HE), and peanut allergies. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] Several clinical studies on the oral administration of allergy foods are available, and some trials are currently under way to better define indications, contraindications, and practical aspects. Of note, there is no specific study for non-IgE-mediated food allergy, such as food proteininduced enterocolitis syndrome. Recently, multiple studies have been published, and others are under way at various stages of research on the practice of oral immunotherapy (OIT).
OIT, sublingual immunotherapy (SLIT), and epicutaneous immunotherapy have been studied for the treatment of IgE-mediated food allergy, although reports on OIT thus far have been more extensive. Although clinical trials with OIT have been encouraging, additional studies are required before it can be recommended for incorporation into clinical care standards (Table 1) .
The Reaction Severity and Food Type that Drive the Need for Active Treatment
Allergic reactions to food proteins can range from immediate, potentially life-threatening reactions to chronic or long-lasting diseases, thus seriously impacting on patients and their families. On the other hand, some reactions to foods such as oral allergy syndrome caused by peach or apple are, frequently, mild and not life-threatening. The risk-benefit of OIT should be carefully considered in individuals with no life-threatening food allergies. [27] [28] [29] [30] Therefore, these allergic individuals with such symptoms should be considered cautiously regarding the risk-benefit ratio.
Moreover, a large number of children with allergy to CM or HE develop tolerance spontaneously. Therefore, in these patients, waiting until at least age 3 before starting OIT seems reasonable. The question of whether OIT has been adequately studied to be used in routine clinical practice has led to some disagreements between academic allergists and allergists in practice. 31 Concerning atopic dermatitis (AD), *35% of children with AD sensitized to foods will have symptoms of food allergy upon challenge. 32 Elimination of identified foods has been shown to provide improvement of AD symptoms. It should be combined with good skin care and pharmacotherapy when needed. 33 Since AD may be unrelated to food allergies, appropriate skin care remains a cornerstone of care. Patients who respond well to skin care therapy with minimal topical steroid treatment are not likely to benefit from dietary interventions when no history of immediate and severe food allergy reactions are reported.
Therefore, children with mild-to-moderate AD without systemic symptoms could be carefully considered over OIT. Appropriate patient selection is pivotal for identifying individuals who worth OIT in terms of efficacy, adherence to treatment, and risk-benefit ratio.
Schedules for Desensitization and Degree of Protection
The first report of successful OIT in a child with HEinduced severe food allergy was published in 1908 34 with few sporadic cases following the initial report. Initial attempts to use traditional subcutaneous immunotherapy were short lived because injection therapy caused severe adverse reactions in the majority of treated patients. Patriarca et al. (1998) 35 and Meglio et al. (2004) 36 described 2 protocols for desensitizing 2 groups of children with IgE-mediated food allergy. Since then, numerous reports and trials have been published on the use of OIT as an active treatment for food allergy.
In addition, review articles 37-39 and 4 meta-analysis on OIT have been published, [40] [41] [42] [43] including 2 recent Cochrane reports focusing on peanut-OIT 42 and CM-OIT, 43 respectively. The published trials are heterogeneous in terms of dose, duration of updosing regimen(s), maintenance dose(s), and severity of food allergy.
Currently, OIT is not standardized but instead is tailored to individual patient with consideration of the patient's age as well as type and severity of food allergy. Therefore, this condition makes a difference with patients allergic to environmental allergens. The published trials are different in terms of schedules, selection of enrolled patients, and form of treatment, such as OIT or SLIT ( Table 2 ).
The success rates of OIT vary from 36% to 90% with a wide range of outcomes. There are 4 distinct patterns of responders, which are as follows: responders without therapy or natural responders, partial responders, responders with daily exposure to the food allergen, and nonresponders. Responders may improve with the natural course of the food allergy, as with CM or HE. Partial responders can eat the culprit allergic food within other food products. Responders with daily exposures are represented by those who require daily ingestion of the culprit food. Nonresponders are represented by OIT failure. 8 Some studies have been carried out using the sublingual route (SLIT), for example, hazelnut 44 peanut, 45 CM, 46 and peach. 47 When SLIT is compared with oral route, OIT was more efficacious for desensitization to CM than SLIT alone but was accompanied by more systemic side effects. 48, 49 A retrospective comparison study of patients with peanut allergy, treated with either peanut OIT or SLIT, indicated that after 12 months of therapy, patients who received SLIT reacted at lower eliciting dose thresholds and have been less likely to pass food challenges evaluation desensitization. 50 Thus far, different schedules were used for clinical trials: rush immunotherapy, 10, 11, 13, 15, 18, [24] [25] [26] slow up dosing regimen, 8, 9, 14, 17, 19, [20] [21] [22] [23] 27 and weekly schedule. 12 Altogether, the amount of tolerated dose(s) of foods is marginally affected by the different regimens. 51 Therefore, the quality of the allergen vaccines is critical for both diagnosis and treatment. Standardized vaccines of known potency and shelf life should be used; currently, the vaccines containing food protein and those prepared by pharmaceutical companies or hospital pharmacies are not available as standardized products. Both the bacteriological load and biological activity of these products are still undetermined. Therefore, the use of fresh material or native foods for OIT is, at the moment, advisable to achieve the goal of desensitization. Altering the immune environment to prevent T helper 2 cell (Th2)-mediated responses directed against immunotherapeutic agents is another approach for increasing the efficacy and safety during OIT or SLIT. Therefore, using an anti-IgE monoclonal antibody (eg, omalizumab) as an adjunct to OIT or SLIT may be a safer and effective strategy. The utility of using omalizumab to facilitate desensitization in a small group of children undergoing high-dose milk OIT was recently investigated. 52 After 9 weeks of pretreatment with omalizumab, 9 of the 11 patients initially enrolled were able to rapidly reach the maintenance dose with minimal adverse events.
Desensitization Versus (or Toward) Tolerance?
In a strict sense, allergen immunotherapy describes the administration of gradually increasing doses of the allergen to reduce symptoms due to natural allergen exposure, to 53 The presumed mechanism of action for OIT is the activation of gut mucosal dendritic cells, which affect the allergic response through immunomodulation of circulating effector cells. 54 Other mechanisms have been shown to be important including the increase in specific IgG4 12 and IgE receptor pathway suppression for basophils. 49 For other immunologic variables in some studies, there is no change in specific IgE levels, 9,12,24 the regulation of antibody isotypes demonstrating late decrease in specific IgE. 17 In allergic diseases, including IgE-mediated food allergy, the balance between Treg and disease-promoting Th2 appears to be decisive in the development of an allergic versus a nondisease promoting or healthy immune response against allergen. As with other forms of immunotherapy, Treg appears to have likely a pivotal role in various immunosuppressive pathways (Fig. 1) . According to this concept in the case of food allergy, a permanent tolerance should be expected, which implies that the food can be ingested without the appearance of allergic symptoms despite periods of withdrawal. In contrast, the term desensitization refers to a reversible state after short-term exposure to incremental doses of an allergen that renders effector cells less reactive, but once the administration of the allergen is discontinued, the previous level of clinical reactivity returns. Currently, it is still unclear whether oral desensitization represents the first step toward permanent oral tolerance. As with other kinds of immunotherapy (ie, for environmental allergens), the duration of desensitization could be pivotal for achieving tolerance. Although clinical desensitization and immune modulation have been demonstrated with OIT, the strength of the current evidence from clinical trials is insufficient concerning the induction of tolerance. 54 Several uncontrolled studies have previously been reported on the development of sustained unresponsiveness following egg, 8, 17 milk, 8, 48 and peanut 55 OIT. The only report of sustained unresponsiveness from a placebocontrolled trial of food OIT (egg) was recently published in an article from the Consortium of Food Allergy Research. 19 This large multicenter study demonstrated that sustained unresponsiveness occurred in 27.5% of subjects actively treated for 22 months with none in the placebo group. It is worth noting that the development of sustained unresponsiveness most likely represents the achievement of a true tolerance to previously offending allergens. However, additional trials are warranted to further investigate the long-term effects of OIT.
In developed countries, the continuous or frequent ingestion of foods such as CM or HE, usually present in the diet, after the achievement of desensitization is per se easy to do by patients; therefore, active specific therapy could be successful for some food allergies, even without the induction of a true permanent tolerance. Regarding this issue, a very recent trial showed that the achieved tolerance to CM can be maintained without a mandatory daily consumption. 56 
Adverse Events
In all immunotherapy trials, safety is of the paramount importance. The appearance of adverse reactions during OIT is reported frequently; in some studies, 100% of patients experienced adverse reactions during desensitization with CM, 8, 11 but OIT had to be discontinued in < 20% of subjects. 39 The rate of adverse events with HE OIT is also high (78%), with a study dropout rate of 10%. 19 Recently, a study confirmed the efficacy of OIT performed with raw eggs in 40 (80%) children allergic to HE, the discontinuation of OIT in remaining 10 (20%) subjects was associated with underlying asthma, higher specific IgE, and lower threshold of oral food challenge. 22 A large peanut OIT study 57 examined clinical reactions throughout all stages of the protocol and revealed that the frequency and severity of reactions were greatest on the initial rush induction days and least during the home dosing phases. Ninety-three percent of subjects experienced some symptoms during the initial rush induction, mostly upper respiratory (79%) and abdominal (68%) symptoms, although 4 patients withdrew (12%) because of persistent adverse reactions. During the subsequent build-up phase, adverse reactions occurred after 46% of the build-up doses, with 29% experienced upper respiratory tract symptoms and 24% skin symptoms. Severe systemic side effects have been reported independent of the schedule, that is, with rush, 13 weekly, 12 or slow up dosing regimen. 9 Mild reactions, such as abdominal pain, throat pruritus, gritty eyes, watery eyes, transient erythema, and sneezing, usually do not require stopping desensitization.
On the contrary, when rhinitis, dyspnea, asthma, generalized urticaria, and hypotension occur alone or in combination, OIT should be stopped and reevaluated. Adverse reactions are largely unpredictable, and they can occur during home dosing. In addition, systemic reactions have occurred with previously tolerated doses in the occasion of exercise, 58 viral illness, or suboptimal controlled asthma. 59 Of note, these reactions are usually well controlled by antihistamines, steroids, or epinephrines.
Conclusion
IgE-mediated food allergy represents both a promising and an intriguing field of application for allergen immunotherapy especially in the oral form. The published study 41 along with the recently published meta-analysis confirmed the overall benefit of OIT. 42, 43 However, the procedure is time-consuming and not devoid of side effects, whereas we know that many children with CM allergy or HE allergy develop tolerance spontaneously, and they can be easily managed with avoidance of regimen.
For these children, waiting for the natural history of their allergies, before starting OIT, represents a convincing option. In contrast, the avoidance of regimen may be insufficient in children with severe systemic reactions because of the risk of inadvertent food intake or of the assumption of foods containing proteins as hidden allergens. In such patients, an effective tolerance induction would represent a life-saving treatment. Thus, more information on indications for OIT, such as the appropriate patients and the predictive factors to identify responders and subjects at risk for serious side effects, is urgently needed.
Another aspect that must be clarified is if the tolerance status achieved by OIT is permanent or if it needs to be maintained with a regular intake of culprit food(s).
Nowadays, it seems that ad libitum consumption of known food allergens to maintain tolerance does not appear to be required in all cases. Therefore, more flexible maintenance of regimens is possible at least for children who have been successfully desensitized to CM. 56 The clinical trials have shown that OIT can successfully desensitize a large number of individuals without major morbidity or mortality. Ultimately, the majority of patients experienced a greater tolerance to the offending foods compared to pretreatment. The ultimate goal is to be able to extend OIT protocols to primary care practices as standard medical therapy. However, at this time, OIT remains in the purview of allergists and immunologists because of the associated safety concerns. Recently, anti-IgE monoclonal antibody (omalizumab) was used in combination therapy with OIT in individual with severe food allergy to CM. This combination may enhance both safety and efficacy of OIT. 60 SLIT appears to be safer but less effective than OIT, which may be related to the lack of standardization of available sublingual extracts. Among patients who have undergone active treatment with SLIT, response has been variable. Therefore, the applicability of SLIT in the patients with food allergy remains unclear. 49 On the other hand, OIT represents an emerging reality that provides both hope and optimism for patients with food allergy; it represents the active treatment for allergies caused by foods with the goal of improving the quality of life of patients and their families. Of note, selecting patients for OIT based on the presence of allergy documented by history, laboratory parameters, and oral food challenge(s) is not sufficient to ensure the success of OIT. Because of the length of the protocol, patients and their families must be extremely compliant, reliable, and committed to the treatment. So far, the clinical studies carried out with OIT have some limitations, such as the uncontrolled nature of most of the trials, variety of parameters included in the methods, and the heterogeneity in protocols. 42, 43 However, in our opinion, the time is ripe for the practice of OIT in selected medical centers and under strict medical supervision: Longum iter est per praecpta, breve et efficax per exempla (Far-reaching is the way of precepts, short and effective is the one of models)-Lucius Annaeus Seneca.
Author Disclosure Statement
Dr. Cox has received one or more consulting fees or honoraria from Stallergenes; has received one or more fees for participation from Novartis, Circassia, and Biomay; is a Board Member for and has received one or more payments for travel/accommodation/meeting expenses from the
